animal contests cumulative assessment model damage costs injurious contests self-inflicted damage Theoretical models of injurious animal contests, such as the cumulative assessment model (CAM), predict that an individual's decision to give up and retreat from a fight is determined by reaching a maximum cost threshold (C max ). Under this model, an individual gives up when the accumulated costs of persisting exceed this threshold. CAM predicts that the velocity with which C max is reached depends on both the energetic (physiological) costs of remaining in the fight and the damage costs of injuries received. Here we propose that damage costs are accumulated not only by receiving injuries, but in some cases also by inflicting injury (attacking). We argue that these self-inflicted damage costs need to be incorporated into theoretical frameworks to fully understand what drives an individual to make the decision to give up, and we call for further research into this area.
Theoretical models of injurious animal contests, such as the cumulative assessment model (CAM), predict that an individual's decision to give up and retreat from a fight is determined by reaching a maximum cost threshold (C max ). Under this model, an individual gives up when the accumulated costs of persisting exceed this threshold. CAM predicts that the velocity with which C max is reached depends on both the energetic (physiological) costs of remaining in the fight and the damage costs of injuries received. Here we propose that damage costs are accumulated not only by receiving injuries, but in some cases also by inflicting injury (attacking). We argue that these self-inflicted damage costs need to be incorporated into theoretical frameworks to fully understand what drives an individual to make the decision to give up, and we call for further research into this area. © 2017 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
Before the introduction of gloves around 1897, there were no recorded deaths in professional boxing. This is because a human hand will break on impact with a human skull long before the skull does. Thanks to boxing gloves, 'boxer's fracture' (the breakage of the metacarpal bones on impact with an immovable object) is now restricted to emergency department waiting rooms after brawls in bars, while three to four professional fights end in a death every year in the U.S.A. alone and 15% of professional fighters suffer permanent brain injury during their career (Ryan, 1987 (Ryan, , 1991 . Gloves have thus enabled boxers to inflict injury while avoiding the self-inflicted injuries that would otherwise accrue from punching an opponent.
In many models of animal contest theory, the costs of entering and persevering in a fight are split into two separate components: energetic costs (E) which push an individual towards fatigue (such as the use of energy reserves, oxygen consumption or the build-up of metabolic waste products) and damage costs (D), the physical injuries received by an individual as a result of its opponent's agonistic behaviour. Damage costs accumulated during fights in both human and animal contests are generally thought of in terms of the recipient of agonistic behaviour (e.g. the boxer receiving the blow to the head). Theoretical models of animal contests that account for damage received in injurious fights, in particular the cumulative assessment model (CAM), assume that individual contestants possess a maximum cost threshold (C max ), which once reached triggers the individual to give up and withdraw from the contest. CAM predicts that the time taken for an individual to reach C max will be negatively correlated with both the energetic costs of remaining in the fight (E) and the amount of damage caused to the focal individual by its opponent (D) (Payne, 1998) . The higher the accumulated costs, the sooner C max will be reached and the sooner the loser will retreat.
Giving up is triggered when
CAM assumes that an individual's contest decisions are based upon self-assessment but recognizes that the actions of the opponent (i.e. attacks) can impact the speed at which an individual reaches C max . However, while the CAM includes the energetic costs of performing agonistic behaviour, it does not take the potential self-inflicted damage costs of carrying out agonistic behaviour into account. In fact, to our knowledge, self-inflicted damage has so far not been considered as a cost of fighting in the animal contest literature.
The CAM assumes that injuries inflicted are costly only to the recipient and not the attacker, but as we have already seen from our boxing example, such assumptions do not necessarily hold true.
